INTRODUCTION
applied the name Owens Valley Formation to a thick sequence of Permian sedimentary rocks exposed in the southern Inyo Mountains of east-central California, designating a type locality between the Reward mine and Union Wash on the west flank of the range ( fig. 1) . Recent work has shown that the Owens Valley Formation, at its type locality and elsewhere in the southern Inyo Mountains, consists of a Lower Permian lower part and an Upper Permian upper part that are separated by an angular unconformity (Conley, 1978; Stone and others, 1979, 1980; Stone, 1984; Stone and Stevens, 1984) . In this report, we raise the Owens Valley Formation in the southern Inyo Mountains to group rank and introduce the new names Lone Pine Formation and Conglomerate Mesa Formation for the rocks below and above the unconformity, respectively, to make up the group ( fig. 2 ). In an earlier paper (Stone and Stevens, 1984) , we used the informal name Formation A for the rocks we herein name the Lone Pine Formation and the informal name Formation D for the rocks we herein name the Conglomerate Mesa Formation.
In their original description, Merriam and Hall (1957) informally divided the Owens Valley Formation into a lower, a middle, and an upper part. Their lower part consists of not only the rocks that comprise our Lone Pine Formation but also coeval rocks in the Conglomerate Mesa area, the Darwin Hills, and the northern Argus Range that are lithologically distinct from the Lone Pine Formation ( fig. 1 ). We specifically exclude those rocks from the Lone Pine Formation, although we consider them to be part of the Owens Valley Group. The upper part of Merriam and Hall's (1957) Owens Valley Formation is largely equivalent to our Conglomerate Mesa Formation.
No rocks equivalent in age or lithology to the middle part of Merriam and Hall's (1957) Owens Valley Formation are present in either the Lone Pine Formation or the Conglomerate Mesa Formation; that stratigraphic interval is represented by the unconformity between the Lone Pine and Conglomerate Mesa Formations. Regional stratigraphic studies (Stone, 1984; Stone and Stevens, 1984) have shown that the middle part of Merriam and Hall's (1957) Owens Valley Formation is largely confined in outcrop distribution to the Conglomerate Mesa area where it was first described.
The type sections of the Lone Pine and Conglomerate Mesa Formations are on a hill Merriam and Hall (1957) Canyon Formation (Merriam and Hall, 1957) unconformably overlain by unnamed Lower and Middle(?) Triassic strata that have been described by Kirk (1918) and Merriam (1963) . The Lone Pine Formation is here divided into four members ( fig. 2) . In ascending order, the lower three of these are informally designated members A, B, and C; the uppermost member is the Reward Conglomerate Member, which Kirk (1918) originally named the Reward Conglomerate and which Merriam and Hall (1957) and Ross (1965) later revised to be a member of the Owens Valley Formation. We here reassign the Reward to the Lone Pine Formation. All four members of the Lone Pine Formation are present in the area between the Reward mine and Union Wash ( fig. 5 ). Only members A and B, however, are present at the type locality of the formation ( fig. 3) , probably owing to erosion of member C and the Reward Conglomerate Member beneath the unconformity at the base of the overlying Conglomerate Mesa Formation ( fig. 2) .
At its type locality ( fig. 3 ), the Lone Pine Formation is a slope-forming unit composed mainly of thin-bedded to laminated calcareous mudstone and other fine-grained rocks. The formation contrasts MERRIAM AND HALL AGE ( 1957) sharply with the underlying Keeler Canyon Formation, which is composed primarily of thick-bedded, mediumto coarse-grained limestone. The type section of the Lone Pine Formation at Permian Bluff (section 1, figs. 3 and 4) has a measured thickness of 309 m; member A is 237 m thick and member B is 72 m thick. Member A of the Lone Pine Formation at the type locality consists predominantly of medium-to dark-gray, thin-bedded to laminated calcareous and dolomitic mudstone. The mudstone is composed of microcrystalline calcite and dolomite with less than 10 percent quartz silt, is rich in organic matter, and contains abundant authigenic pyrite. It is interbedded with subordinate medium-to dark-gray, thin-bedded siltstone and very fine to fine-grained sandstone that commonly shows delicate plane lamination and crosslamination. Also present are scattered, relatively thick beds (20 to 80 em) of medium-to dark-gray micritic limestone and dolomite, some of which contain abundant calcified sponge spicules and radiolarians.
Member B consists predominantly of greenishgray, pale-red, yellowish-brown, and pale-brown mudstone, siltstone, and very fine to fine-grained c:
--
Lower part
c:
a.. sandstone that are distinguished from the strata of member A primarily by their lighter color. In addition, mudstone of member B differs from that of member A in being less calcareous and richer in clay minerals. Scattered in member B are relatively thick beds of olive-gray to greenish-gray micritic limestone and dolomite that are like the relatively thick limestone and dolomite beds in member A except in color. The contact between members A and B is gradational over a stratigraphic interval ranging between 10 and 20 m in thickness.
A short distance northwest of the Lone Pine type section (area of section 4, figs. 3 and 4), member B contains abundant medium-to dark-gray, thin-to thick-bedded bioclastic limestone and limestone conglomerate in addition to light-colored, fine-grained siliceous rocks. The limestone beds, which range in thickness from about 5 em to 4.5 m, contain abundant fusulinids, echinodermal debris, brachiopod shell fragments, coral fragments, and angular to subrounded limestone clasts as much as 20 em in diameter. Many of the limestone beds are graded and some show convolute lamination and other evidence of softsediment deformation.
The Lone Pine Formation thickens appreciably northwest of its type locality, reaching a thickness of about 1,000 m in the northwestern part of the area shown in figure 3 . Southeast of the type locality, the formation thins and wedges out over a distance of about 3 km ( fig. 3) , probably as the combined result of depositional thinning and the erosion that was responsible for the unconformity at the top of the formation (Stone, 1984) .
Three fusulinid collections from Bioclastic limestone beds in member B of the Lone Pine Formation at its type locality (fossil locs. 17, 20, and 22, fig. 3 This fusulinid assemblage suggests a late Wolfcampian age (Stone, 1984) . Beds near the top of the underlying Keeler Canyon Formation contain abundant early middle Wolfcampian fusulinids, establishing the base of the Lone Pine Formation as no older than middle Wolfcampian in age (Merriam and Hall, 1957; Riggs, 1962; Merriam, 1963; Stone, 1984) .
In the area between the Reward mine and Union Wash, the Lone Pine Formation, cut by numerous intrusive bodies and extensively altered and silicified, is about 1,000 m thick. Of this thickness, member A comprises about 500 m, member B about 180 m, member C about 120 m, and the Reward Conglomerate Member about 200 m ( fig. 5 ). These four units, which were first distinguished by Conley (1978) , constitute a conformable sequence that is overlain with angular unconformity by the Conglomerate lVIesa Formation. Member A, which is particularly well exposed on the south side of Union Wash, consists of reddishbrown-weathering, thin-bedded siliceous hornfels, siltite, and very fine grained quartzite. Thin sections show that much of the silica in this member is of replacement origin; the protoliths probably were dominantly fine-grained calcareous rocks like those in member A of the formation at the type locality. At the head of Union Wash, the basal beds of member A sharply overlie a massive 15-m-thick bed of limestoneboulder conglomerate that we regard as the uppermost bed in the Keeler Canyon Formation. This boulder bed may be equivalent to the limestone breccia zone that Merriam and Hall (1957, p. 8-9) considered to mark the base of their Owens Valley Formation.
Members B and C of the Lone Pine Formation in this area are best exposed on the steep mountain slope directly east of Fossil Hill ( fig. 5 ). Member B is composed of greenish-gray, thin-bedded calc-hornfels and calcareous siltite along with a few thick beds of bioclastic marble.
Except for its metamorphosed nature, this unit is lithologically similar to member B of the formation at the type locality. Member C is composed of massive dark-brown-weathering hornfels interbedded with minor fine-to coarse-grained quartzite and chert-pebble conglomerate. This unit appears to have no lithologic counterpart at the type locality of the Lone Pine Formation.
The Reward Conglomerate Member is a cliffforming unit consisting mainly of thick-bedded, medium-to coarse-grained quartzite and chert-pebble conglomerate. Crossbedding and scour structures are common in these rocks. The lowermost part of the member is marked by a thin, persistent zone of lightgray sandy marble. Kirk (1918) designated no type locality for the Reward Conglomerate, but we consider it to be located about 1 km south of the Reward mine (NE 1/4 T. 14 S., R. 36 E., Union Wash 7.5-minute quadrangle). However, faulting occurs at the base of the unit at that locality ( fig. 5) . A better section is present about 0.5 km southeast of Fossil Hill, where both the stratigraphic base and the unconformably truncated top of the Reward Conglomerate Member are exposed ( fig. 5) .
The Reward Conglomerate Member also is well exposed near Coyote Spring a few kilometers north of the area shown in figure 5 (Ross, 1965) . Like the underlying member C, the Reward Conglomerate Member is not present at the type locality of the Lone Pine Formation.
The only fossils we have found in the Lone Pine Formation in the area between the Reward mine and Union Wash are poorly preserved inflated fusulinids in the basal part of the Reward Conglomerate Member. These fusulinids could indicate either a Wolfcampian or Leonardian age. Elongate fusulinid molds that we have observed in a similar stratigraphic position near Coyote Spring may represent the typical Leonardian genus Parafusulina.
Lithostratigraphic correlations suggest that both member C and the Reward Conglomerate Member are younger than any part of the Lone Pine Formation at its type locality.
The Lone Pine Formation was deposited in environments ranging from deep-water marine for the lower part to nonmarine or very shallow water marine for the upper part. The pyrite-bearing calcareous and dolomitic mudstone that makes up most of the formation at the type locality probably was deposited in deep, quiet, oxygen-poor water on a featureless basin floor, either by slow fallout from suspension or by relatively rapid fallout from dilute turbidity currents. The dolomite presumably is of diagenetic origin. The thin interbeds of laminated siltstone and sandstone probably are turbidites. We interpret the bioclastic and conglomeratic limestone beds in member B as sediment-gravity-flow deposits derived from basin-rimming carbonate banks or shelves. The abundant soft-sediment deformation features in these beds suggest deposition in a slope environment. The lithologic characteristics of the coarsely clastic Reward Conglomerate Member suggest that this member was deposited in either an alluvial-fan or a high-energy nearshore-marine environment.
CONGLOMERATE MESA FORMATION
The Conglomerate Mesa Formation is here named after Conglomerate Mesa, which is located about 5 km south of the Cerro Gordo mine ( fig. 1 ). This lenticular formation unconformably overlies the Lone Pine Formation and is paraconformably overlain by unnamed marine strata of Early and Middle(?) Triassic age. The formation is composed primarily of sandy limestone, sandstone, and conglomerate that typically form rugged cliffs and ridges between the slope-forming Lone Pine Formation and Triassic marine strata.
Near its type locality at Permian Bluff ( fig. 3 ), the Conglomerate Mesa Formation ranges to about 225 m thick in a lenticular outcrop belt 8 km long. Northwest and southeast of this outcrop belt, the Conglomerate Mesa Formation is missing and Triassic strata unconformably overlap the Lone Pine Formation. Because no angular discordance with the overlying Triassic strata exists, we interpret the lenticularity of the Conglomerate Mesa Formation to be the product of depositional thinning rather than postdepositional erosion.
The type section of the Conglomerate Mesa Formation at Permian Bluff (section 1, figs. 3 and 4) has a thickness of 173 m and is here divided into three informally designated members. In ascending order, these are called members A, B, and C, which are 34, 99, and 40 m thick, respectively. In an incomplete section at hill 8350 (the informally named Shell Ridge of Merriam and Hall, 1957) (section 3), members A and B are 26 and 125 m thick, respectively; in another incomplete section 0.8 km south of Permian Bluff (section 2), member C is 32 m thick.
Member A of the Conglomerate Mesa Formation at the type locality consists of grayish-orange to yellowish-brown, fine-to coarse-grained quartzitic sandstone and sandy conglomerate.
Most of the sandstone is plane laminated or gently crosslaminated. The conglomerate is arranged in welldefined size-sorted layers averaging 10 to 15 em thick. Clasts in the conglomerate are mostly angular pebbles of white to light-gray chert.
Member B consists of light-gray, thick-bedded sandy limestone that stands out in rugged hogbacks above the somewhat less resistant underlying rocks. The limestone is composed of 60 to 85 percent conglomerate, and contains randomly distributed coarse sand and chert pebbles. Whole and fragmented shells, mostly brachiopods and gastropods, are locally abundant in the unlaminated limestone but are not present in the laminated limestone. Member C is composed of conglomerate, conglomera tic sandstone, and sandstone. Conglomerate dominates the lower part of the unit and sandstone the upper part. The conglomerate, which ranges from massive to well bedded, contains angular to subrounded chert, quartzite, and limestone clasts in a poorly sorted, fine-to coarse-grained sandstone matrix. Among the limestone clasts are (1) light-gray sandy limestone similar in lithology to that in the immediately underlying member B; (2) medium-to dark-gray, fusulinid-bearing limestone similar in lithology to that in member B of the Lone Pine Formation; and (3) light-gray, fusulinid-and coralbearing limestone similar in lithology and fossil content to Lower Permian limestone that we have examined near Conglomerate Mesa. The chert clasts, most of which are white to light gray, and the quartzite clasts generally are of pebble size; the limestone clasts commonly are of cobble or boulder size. The sandstone that makes up most of the upper part of the member is predominantly yellowish brown, thin bedded, and fine grained.
Plane lamination, ripple-crosslamination, and ripple marks are developed locally. The sandstone is interbedded with subordinate thin conglomera tic layers.
West of the area of sections 1, 2, and 3 ( fig. 3 ), member B of the Conglomerate Mesa Formation thins and wedges out, and on the next line of ridges to the west (area of sections 4, 5, and 6) the formation has a maximum thickness of about 100 m and is composed mainly of conglomerate and sandstone. However, a thick lens of sandy limestone like that of member B is present near the top of the formation at hill 8043 (section 5), and thinner lenses of the same lithology are present nearby as seen in section 6.
The Conglomerate Mesa Formation at the type locality is overlain by gray to brownish-gray sandy limestone that marks the base of the thick, unnamed Lower and Middle(?) Triassic marine sequence described by Merriam (1963) . This limestone, which is characterized by wavy, irregular bedding, the presence of dark-gray limestone nodules, and the local abundance of tiny, phosphate-filled gastropod shells, stands out in bold hogbacks above the underlying sandstone and conglomerate.
In the area between the Reward mine and Union Wash, where it overlies the Lone Pine Formation with an angular discordance of about 15°, the Conglomerate Mesa Formation forms a lenticular outcrop belt about 3 km long ( fig. 5 ). Within this belt the formation thickens northwestward from a wedgeout near Union Wash to about 150 m on Fossil Hill. The section at Fossil Hill, the base of which is covered by alluvium, consists of about 50 m of yellowish-brown siltstone and sandstone overlain successively by a thin zone of pink shale and about 100 m of cliff-forming light-gray sandy limestone.
The limestone is lithologically similar to that of member B of the formation in the type section. Sections near the formational wedgeout consist entirely of sandy limestone.
A persistent brachiopod coquina at the top of the Conglomerate Mesa Formation can be traced from Fossil Hill southeastward to the formational wedgeout, providing evidence that the wedgeout is the result of southeastward depositional onlap.
The Outside the Reward mine-Union Wash area, however, as at Permian Bluff, the uppermost rocks of the Conglomerate Mesa Formation and the lowermost rocks of the overlying Triassic sequence are of markedly different lithology and have always been assigned to separate formations (Merriam and Hall, 1957; Merriam, 1963; Stone, 1984; Stone and Stevens, 1984) .
Thus, the name Owenyo is not applicable outside the Reward mine-Union Wash area. Therefore, we here abandon the little-used name Owenyo and reassign the rocks of its lower part to the Conglomerate Mesa Formation and those of its upper part to the overlying unnamed Lower and Middle(?) Triassic sequence.
Brachiopods, gastropods, and rare cephalopods of relatively young Permian age have long been known in sandy limestone that we assign to the Conglomerate Mesa Formation (Kirk, 1918; Merriam and Hall, 1957; Gordon and Merriam, 1961; Merriam, 1963) . The presently accepted age of Late Permian (late Guadalupian) for these rocks is based on the reported presence of the ammonoid Timorites, a primary index fossil of the Upper Permian Capitanian Stage of Furnish (1973) , in beds exposed near the type section of the Conglomerate Mesa Formation (Gordon and Merriam, 1961) . The associated brachiopods, which Gordon and Merriam (1961) and earlier workers considered to be typical early Guadalupian species, are now thought to have been misidentified (Wardlaw and Collinson, 1978, p. 1179) .
The Conglomerate Mesa Formation was deposited in nonmarine and very shallow water marine environments. Conglomerate and sandstone in the formation most likely are alluvial-fan or braidedstream deposits, although some of these rocks may be of shallow-water marine origin. The sandy limestone probably was deposited in a variety of wave-dominated intertidal to shallow-subtidal marine environments. The laminated facies of the sandy limestone probably represents strandline deposition, whereas the unlaminated, shell-bearing facies probably represents shoreface deposition.
REGIONAL EXTENT OF THE LONE PINE AND CONGLOMERATE MESA FORMATIONS
The Lone Pine Formation is present throughout much of the southern Inyo Mountains, encompassing rocks mapped by previous workers (Merriam, 1963; Ross, 1965) as part of the Owens Valley Formation. The formation also is present near the Ubehebe mine in the southern extension of the Last Chance Range ( fig. 1) fig. 1 ) resemble those in the northern Argus Range and also are excluded from the Lone Pine Formation.
We have identified the Conglomerate Mesa Formation at three localities in addition to its type locality and the area between the Reward mine and Union Wash-(1) the Conglomerate Mesa area in the southeastern Inyo Mountains and the (2) Bendire Canyon and (3) Water Canyon areas in the central Argus Range. The rocks herein assigned · to the Conglomerate Mesa Formation in these areas were previously mapped as part of the Owens Valley Formation (Hall and McKevett, 1962; Moore, 1976) . In all three areas, the Conglomerate Mesa Formation is conformably overlain by Lower and Middle(?) Triassic strata correlative with those that overlie the formation at its type locality and in the area between the Reward mine and Union Wash.
DEPOSITIONAL HISTORY
The Lone Pine Formation was deposited largely in a deep marine basin that regional studies (Stone, 1984; Stone and Stevens, 1984) have shown lay near the edge of the western continental margin of North America. By late Wolfcampian or early Leonardian time, when the Reward Conglomerate Member was accumulating, this basin had shoaled and probably had become subaerially exposed. An ensuing episode of uplift, tilting, and erosion probably spanned most of Leonardian and part of Guadalupian time. At least 500 :n of strata (the combined thickness of members B, C, and the Reward Conglomerate Member of the Lone Pine Formation) was removed by erosion in the area between the Reward mine and Union Wash. The shallow-water marine and nonmarine Conglomerate Mesa Formation and the paraconformably overlying Lower and Middle(?) Triassic strata were deposited after this episode of uplift and erosion, which evidently ended by the late Guadalupian. 1. Conglomerate, composed of 50 percent gravel in a poorly sorted, fine-to coarse-grained calcareous and argillaceous matrix; massive; gravel generally oriented parallel to bedding. Gravel is 30 to 35 percent gray chert (angular to subangular, median diameter 5 mm to 1 em, maximum diameter 14 em); 30 to 35 percent light-to medium-gray bioclastic limestone containing echinodermal debris and fusulinids (subangular to subrounded, median diameter 10 em, maximum diameter 75 em); 10 to 15 percent light-gray sandy limestone (median diameter 5 to 6 em, maximum diameter 45 em); and 5 to 10 percent calcareous quartzite (subangular to subrounded, median diameter 1 to 2 em, maximum diameter 12 em)...
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Total thickness member C:
5. Limestone (calcarenite) (75 percent) and conglomerate (25 percent); intergradational vertically and laterally; beds generally less than 5 em thick, lenticular. Limestone, sandy, grayish orange to yellowish brown, fine to medium grained. Conglomerate, composed of 40 to 60 percent gravel in a poorly sorted, fine-to coarse-grained calcareous sandstone matrix; gravel generally oriented parallel to bedding. Gravel is more than 95 percent gray chert and calcareous quartzite (angular to subangular, median diameter 3 to 4 mm, maximum diameter 2 em) and less than 5 percent light-to medium-gray limestone (median diameter 1 to 2 em, maximum diameter 4 em) 
11. Limestone (calcarenite), sandy, light to medium gray, fine to medium grained; beds 40 em to 1 m thick; contains lenses of coarse-grained sandstone and chertpebble conglomerate generally less than 5 em thick (chert gravel angular to subangular, maximum diameter 1 em.
10. Conglomerate, composed of white to dark-gray chert gravel (angular to subrounded, maximum diameter 2 em) in a light-gray to yellowish-brown, poorly sorted calcarenitic sandstone 3. Conglomerate and sandstone, thinly interbedded and lenticular. Conglomerate, composed of 25 to 40 percent gravel in a light-to medium-gray, fine-to coarse-grained calcarenitic sandstone matrix. Gravel is 60 to 90 percent white to dark-gray chert (angular to rounded, median diameter 5 mm to 1 em, maximum diameter 8 em); 5 to 30 percent medium-gray calcareous quartzite (subangular to subrounded, median diameter 4 em, maximum diameter 13 em); and 0 to 5 percent medium-gray bioclastic limestone (subangular to subrounded, median diameter 6 em, maximum diameter 17 em). Sandstone, calcarenitic, light to medium gray, fine to coarse grained and conglomeratic; grades laterally and vertically into conglomerate 
